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Abstract
West Nile virus (WNV) is nowadays one of the most widely distributed arboviruses. In the last two decades, 
small or large WNV epidemics and epizootics are continuously reported in Europe. In this review, we present the 
epidemiological characteristics of WNV infections detected in Croatia and Serbia within the “One Health” context. 
Presented results confirm the importance of multidisciplinary and regional collaboration in the diagnosis and 
surveillance of this (re-)emerging viral zoonosis.
Sažetak
West Nile virus (WNV) danas je jedan od najrasprostranjenijih arbovirusa. U posljednja se dva desetljeća WNV 
infekcije kontinuirano pojavljuju na području Europe u obliku manjih ili većih epidemija i epizootija. U ovom 
preglednom radu prikazujemo epidemiološke značajke WNV infekcija koje su dokazane na području Hrvatske i 
Srbije u kontekstu “Jednog zdravlja”. Prikazani rezultati potvrđuju značaj multidisciplinarne i regionalne suradnje u 
dijagnostici i praćenju ove (re-)emergentne virusne zoonoze.
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Introduction
 The epidemiology of West Nile virus (WNV) is 
continuously changing and currently, WNV is one of 
the most widely distributed arboviruses. In nature, vi-
rus is maintained in an enzootic cycle involving birds 
and mosquitoes, while humans and horses represent 
incidental or "dead-end" hosts. Mosquitoes of the 
genus Culex are the major vectors of WNV globally, 
but virus is also detected in some other mosquito spe-
cies (Aedes, Ochlerotatus)[1]. There are several genetic 
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were confirmed by detection of WNV RNA or WNV 
NT antibodies[17]. In addition to acute WNV infec-
tions, seropositive persons were continuously detected 
in counties with reported clinical cases[18]. Data on the 
genetic characterization showed that all detected Cro-
atian virus strains belonged to WNV lineage 2[16,17,19]. 
So far, there are no WNV infections reported among 
the inhabitants of the Croatian littoral.
 WNV Infections in Horses
 First WNV seropositive horses in Croatia were de-
tected during 2001-2002[20]. In 2010-2011, a detection 
of WNV antibodies was performed in horse and cat-
tle serum samples. WNV NT antibodies were present 
in 3.43% of horses and 0.11% cattle with the highest 
seroprevalence in Eastern Croatian regions bordering 
Hungary and Serbia. At the Adriatic coast, seroposi-
tive animals were found only in the westernmost Is-
tria County, near Slovenian and Italian borders. The 
results of the study showed that WNV infections are 
widely spread among horses in different Croatian re-
gions[21]. During the 2012 Croatian outbreak, acute 
asymptomatic WNV infections in horses (IgM posi-
tive) were detected for the first time in the same coun-
ties where human cases occurred. Acute infections 
were confirmed 2-4 weeks before first human clini-
cal case reported. A seroprevalence study conducted 
in six counties showed an average WNV IgG sero-
prevalence of 8.7%. The seropositivity varied greatly 
from 2.2% to 17.4% with the highest seroprevalence 
in counties where human cases were documented[22]. 
Acute asymptomatic infections in sentinel horses were 
notified continuously in the following transmission 
seasons. IgM positive animals were detected in 9 con-
tinental counties and two counties at the Croatian lit-
toral[23,24]. In addition, since 2012, sentinel horses from 
all Croatian counties were tested annually to WNV as 
a part of the national flavivirus surveillance program. 
IgG seroprevalence rates were found to be: 0-22.7% in 
2013, 0-29.6% in 2014, 0-34.2% in 2015, 0-24.3% in 
2016[25,26], 0-24.0% in 2017 and 0-26.0% in 2018[17]. In 
2013, WNV IgG seropositive horses were detected in 
11 continental counties and two counties at the Croa-
tian littoral. In addition, during 2014-2016, WNV IgG 
seropositivity in horses was documented in all conti-
nental counties and all seven counties at the littoral 
as well. However, the highest virus activity was continu-
ously notified in eastern continental counties (data of the 
Faculty of Veterinary Medicine University of Zagreb).
 West Nile Infections in Poultry
 The first serological evidence of WNV infection in 
poultry in Croatia was reported in 2013 in Međimurje 
County. Within a flavivirus surveillance program, dur-
lineages of which WNV lineage 1 and 2 are the most 
widespread. After the first isolation of WNV in Ugan-
da (1937), sporadic WNV cases were recorded in the 
subsequent years. Since the 1950s, serological surveys 
have shown that the virus has been circulating outside 
its original ecological niches, including Europe[2]. Epi-
demiology of WNV has changed since the mid-1990s. 
Outbreaks associated with severe neuroinvasive dis-
ease began to occur in North Africa (Algeria, Tunisia, 
Sudan), Europe (Italy, Romania, Russia), Israel and 
USA[3], mainly caused by WNV lineage 1 strains[4]. 
Since 2002, outbreaks among humans and horses were 
continuously reported in many European countries, 
with annual epidemic cycles in some countries relat-
ed to the spread of WNV lineage 2 strains[5]. In the 
2018 transmission season, the highest number of cases 
was reported in Europe compared with previous years 
with a total of 2,083 autochthonous human WNV 
infections. In addition, 285 WNV outbreaks among 
equids were reported, which represents 30% increase 
compared to the number of outbreaks in 2017[6]. Like 
in other European countries, WNV infections were 
continuously reported in Croatia and Serbia. In this 
review, the epidemiology of WNV infections in these 
two neighbouring countries was analysed within the 
integrated multidisciplinary "One Health" concept.
West nile Virus Infections in Croatia
 WNV Human Infections
 In Croatia, serologic evidence of human WNV in-
fections dates back to 1970s. In two studies conducted 
among residents of the Island Brač in 1970 and 1974, 
the seroprevalence of hemagglutination inhibiting 
(HI) antibodies was 4.9% and 0.28%, respectively[7]. 
A further survey conducted in 1980 found positive 
HI results in 1.2% inhabitants from North-Eastern 
Croatia, 3.4% from Middle and 0.8% from Southern 
Dalmatia[8]. In 2007, WNV neutralizing (NT) antibod-
ies were detected in 0.3% voluntary blood donors in 
North-Eastern Croatia[9]. Similar seroprevalence rate 
of 0.3% was noted in a group of randomly selected 
asymptomatic persons aged 30-60 years tested during 
2011[10,11]. First clinical cases of neuroinvasive WNV 
infections in Croatia were reported in 2012 in two 
eastern counties[12,13]. In 2013 outbreak, 19 cases were 
detected in Zagreb and its surroundings and one case 
in Međimurje (north-western region)[14]. In the sub-
sequent years, only sporadic cases were notified un-
til 2017 when a small outbreak with 8 reported cases 
occurred in five continental counties[15,16]. The largest 
outbreak of WNV infections so far occurred in 2018 
with 54 neuro-invasive infections and 7 WNV fever 
detected in 10 continental Croatian counties. All cases 
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possibly very low or sporadic circulation of WNV in 
the past in the territory of Serbia. In 1972, Bordjoški 
et al. found anti-WNV antibodies in 2.6-4.7% of tested 
human serum samples[32]. In another study, antibodies 
to WNV were detected, depending on the location, in 
1-8% of tested samples[33]. After a gap of many years, 
more recent serological examinations revealed the 
presence of WNV IgG antibodies in 3.99% human 
samples collected from 2005 to 2010 in Vojvodina with 
yearly rates varying between 1.97% and 6.04%[34]. In 
2012, for the first time an outbreak of WNV infection 
in humans was reported in Serbia[35,36], being the first 
time that WNV infections has been associated with 
clinical symptoms. A total of 71 WNV cases were 
reported, among which 42 were confirmed. All cas-
es were detected in central and northern part of the 
country[37-39]. This epidemic continued and became 
even more severe during 2013. A total of 303 WNV 
cases were reported, among which 202 were con-
firmed. Almost all cases were again detected in cen-
tral and northern part of the country (data of the In-
stitute of Public Health of Serbia). The human WNV 
epidemic also continued during 2014 with the similar 
characteristics to those in 2012. In total, 76 clinical 
cases of WNV infection were reported. Almost all cas-
es were detected in central and northern part of the 
country, and 65 out of 76 (86%) of them were detected 
in four districts (Belgrade, South Banat, South Bačka 
and Srem)[40]. During 2015, 28 confirmed human cases 
were reported. Almost all cases (27/28) were detected in 
central and northern part of the country, and 25 out of 
28 (86%) were from the same four districts as the season 
before[41]. During 2017, a total of 49 WNV human cas-
es were detected (data of the Institute of Public Health 
of Serbia). WNV infections were detected from the be-
ginning of August until October 2017 in six out of 25 
districts in Serbia[42,43]. According to the ECDC weekly 
updates for 2018 West Nile fever transmission, from EU 
neighbouring countries in total 580 human cases were 
reported, out of that number 415 in Serbia. Human cas-
es were reported in 13 out of 25 districts in Serbia[6].
 WNV Infections in Horses
 In Serbia, WNV situation was mostly unknown until 
2009. During 2009-2010, a serological testing of horse 
samples showed that 12% horses from the northern part 
of the country had specific WNV NT antibodies. Positive 
horses were found in 14/28 municipalities studied[44]. 
During 2007-2011 study, the presence of WNV specific 
antibodies was found in 28.6% horse serum samples col-
lected from 7 big stables located in Vojvodina Province 
(northern part of Serbia) and Belgrade area. WNV se-
roprevalence ranged from 13.3% up to 40% seropositive 
animals per stable[45]. Just one year later, immediately 
ing a three-year period (2013-2015), serum samples 
from sentinel outdoor chickens were tested for WNV 
IgG antibodies with a seroprevalence rate of 11.5% 
ranging from 3.1% to 22.9%[24]. Serological surveys 
conducted during 2016-2018 transmission seasons 
showed WNV IgG seropositivity of 1.8%, 10.4%[16,27,28] 
and 12.7% (data of the Poultry Center, Croatian Veter-
inary Institute), respectively. Poultry included in sur-
veys were older than three weeks and hatched in the 
current year to assure a reliable demonstration of the 
viral activity in the current transmission season and 
exclusion of maternally derived antibodies as well as 
WNV antibodies from previous seasons. Seropositive 
poultry were detected in all continental counties.
 West Nile Infections in Wild Birds
 In September 2018, WNV was detected for the first 
time in wild birds in Croatia. Brain tissue of 35 dead 
wild birds from families Passeridae (25), Accipitri-
dae (4), Laridae (3), Anatidae (1), Ciconiidae (1) and 
Turdidae (1) were analysed for the presence of WNV 
RNA. A female and a male goshawk (Accipiter gentilis) 
from the same aviary in Međimurje County were RT-
PCR positive. Also, WNV RNA was detected in one 
blackbird (Turdus merula) from Split-Dalmatia Coun-
ty. Phylogenetic analysis showed WNV lineage 2. In 
addition, WNV infection was serologically confirmed 
in one buzzard (Buteo buteo) with neurological symp-
toms from Međimurje County[17].
 West Nile Infections in Mosquitoes
 After the first report of human WNV infections, 
entomological surveys were continuously performed. 
During the 2012 outbreak in Croatia, mosquitoes were 
sampled within the area of appearance of WNV neu-
ro-invasive human cases in three north-eastern coun-
ties. All tested Cx. pipiens complex pools were negative 
for WNV RNA using pan-flavivirus RT-PCR[29]. In the 
period from 2015 to 2018, mosquitoes were collected 
in Zagreb and its surroundings. So far, no one of the 
tested Cx. pipiens and Ae. albopictus mosquito pool 
was positive for WNV[30,31].
West nile Virus Infections in serbia
 WNV Infections in Humans
 The history of WNV infection among human pop-
ulation in Serbia is mostly unknown. Due to the lack 
of routine diagnostic practices in the past, human cas-
es of meningoencephalitis of “unknown” origin that 
should have been submitted to laboratory testing for 
the WNV presence were neglected in Serbia up until 
2012. First serological studies showed low prevalence 
of WNV antibody positive serum samples, indicating 
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were positive for WNV IgG antibodies, indicating that 
they were infected during 2013 (unpublished study). 
The discrepancy between the poultry from commercial 
farms and backyards might be explained by differences 
in biosecurity level including the insect control as well 
as by the ratio of number of mosquitoes per animal at 
large commercial poultry farms and in the backyards. 
During the national surveillance program conducted 
in 2014, the backyard poultry were used as sentinel an-
imals. The results of this surveillance showed that the 
positive serological response was detected in 5.75% 
young poultry sampled from the whole country. Sero-
conversion was detected in all four months of the sur-
veillance with the highest positive serological response 
during August and September (in 8.91% and 8.21% 
animals, respectively). Positive serological response 
was recorded in backyard sentinel poultry in 17/25 
(68%) districts of Serbia[47].
 WNV Infections in Wild Birds
 The first study on WNV presence in wild birds con-
firmed intensive WNV circulation in Serbia during 
2012. WNV antibodies were detected by ELISA and 
PRNT in 7.6% serum samples and the virus presence 
was confirmed by real-time RT-PCR in 9.87% (8/81) 
of tested tissue samples and in one blood sample out of 
133 dead and live captured wild resident and migrato-
ry birds (45 species within 27 families) sampled from 
January until September 2012 in Vojvodina Province. 
Most of the WNV antibody or virus positive birds 
were strictly resident, suggesting endemic presence of 
WNV in Serbia. All WNV isolates were typed as a lin-
eage 2 strains that were highly similar to the viruses 
responsible for the human and animal outbreaks re-
ported in neighbouring countries[49]. The presence of 
WNV in wild birds was also confirmed during the na-
tional WNV surveillance programs funded by the Vet-
erinary Directorate from 2014 until 2018 (with excep-
tion of 2016 when surveillance was not done). During 
2014 wild bird surveillance, WNV was detected in 
only two birds (in tissue samples of a dead cormorant 
in July and a magpie shot dead in September). Both 
WNV positive wild birds were detected in Vojvodina 
Province. Out of 736 live wild birds pharyngeal swab 
samples tested for WNV none was positive. During 
the program conducted in 2015, WNV was detected 
in 2/183 (1.09%) tissue samples of found dead wild 
birds and in 3/13 tissue samples of shot dead Eurasian 
magpies. Similar to the results obtained during 2014, 
all detected WNV positive wild birds were from Vo-
jvodina Province and the territory of Belgrade[47]. Dur-
ing 2017, much the same results as previous years were 
obtained, but during 2018 WNV was detected in more 
than 10% of found dead wild birds (unpublished data).
after the human WNV outbreak in 2012, WNV IgG 
antibodies were detected in 49.23% of horse serum 
samples from six stables and one settlement in Vo-
jvodina Province. The percentage of seropositive an-
imals varied from 35% to 64% per stable. The 49.23% 
seroprevalence in horses during 2012 was much high-
er than in previous studies conducted in horses in Ser-
bia, confirming an intensive WNV circulation during 
2012[46]. Similarly, in 2013, the 46.88% horse seroprev-
alence from five stables indicated the continuation of 
the intensive WNV circulation. During the national 
surveillance program in the period June-September 
2014, serum samples of sentinel horses previously se-
ronegative for WNV, were collected from all 25 dis-
tricts of Serbia. Seroconversion was detected in 6.91% 
of tested sentinel horses during all three tested months 
(June-August). With the increase of the vector’s activ-
ity, positive serological response was determined in 
0.53%, 1.38% and 6.32% of horses during the tested 
period. Seroconversion was detected in 11/25 districts 
under the surveillance[47]. During 2015, population of 
horses from the whole country was tested for WNV IgM 
antibodies. Positive serological response was detected 
in 0.53% horses. WNV IgM positive horses were de-
tected during all four tested months (June-September) 
with the highest prevalence in the period of the most 
intense vectors’ activity. The percentage of seropositive 
animals in June was 0.13%, July 0.12%, August 1.11% 
and in September 0.77%. IgM positive horses were de-
tected in 8/25 districts in Serbia. In June 2015, the first 
seropositive horse was detected from Belgrade area[47]. 
During 2016, horses were not tested for WNV infec-
tion since the WNV national surveillance program was 
not in force, but during 2017, the similar situation as in 
2015 was observed. In contrast, during the 2018 WNV 
national surveillance program much more intensive 
WNV circulation was observed. WNV IgM antibodies 
were detected in almost 2% of tested horses from 13/25 
districts of Serbia (unpublished data). In July 2018, the 
first clinical case of neurological WNV infection pre-
sented with hypersensitive skin reaction, disorientation, 
weakness, ataxia and the loss of equilibrium was report-
ed in a Belgian sports mare in Belgrade[48].
 WNV Infections in Poultry
 The first data on WNV infection in domestic poul-
try was obtained during 2013. Young poultry (hatched 
during that year to exclude the seropositive animals 
infected with WNV during previous seasons) from 
five large commercial poultry farms and 10 backyards 
from five settlements were tested for the presence of 
WNV IgG antibodies in November at the end of vec-
tor activity season. None of the farm poultry were se-
ropositive but 40-60% of the young backyard poultry 
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sented in tables 1 and 2. Based on the obtained results 
and anticipated intense circulation of WNV that pos-
es substantial risks for both public and animal health, 
flavivirus surveillance programs in sentinel animals 
were established. The principal objective of the pro-
grams was early detection of WNV, timely reporting 
to human health service institutions and local author-
ities in order to inform the local communities and for 
establishing the control of mosquitoes and preventive 
measures for human health protection. The WNV sur-
veillance programs were based on direct and indirect 
surveillance of WNV presence in natural environ-
ment, by serological testing of seronegative sentinel 
horses and poultry as well as through virus detection 
in pooled mosquito samples and samples from wild 
birds[47,49-51]. Considering the results obtained during 
the WNV surveillance programs in 2014 and 2015 
and reported human cases in those years, it could be 
concluded that the conducted WNV surveillance pro-
grams were successful and meaningful. Most of the 
human cases were preceded by the detection of WNV 
in animals and/or mosquitoes[47,52]. The same or similar 
situation was observed during the WNV surveillance 
programs in 2017 and 2018, when the most intensive 
WNV circulating was observed so far.
 In conclusions, it is important to highlight the sim-
ilarity between epidemiological and epizootiological 
characteristics of WNV emergence in Croatia and Ser-
bia. Human clinical cases of WNV infection were con-
firmed in the same transmission season 2012. From 
the first appearance, majority of clinical cases were 
recorded in eastern part of Croatia and central and 
northern part of Serbia. Detection of human clinical 
cases in the consecutive transmission seasons in these 
areas indicate that eastern Croatia and central/north-
ern parts of Serbia represent the same large endemic 
area for WNV. In both countries, confirmation of viral 
activity in wild birds and mosquitoes and/or infec-
tions in sentinel animals preceded human clinical cas-
es. Since its emergence in 2012, WNV has become an 
endemic disease in our countries and epidemiological 
and epizootiological data implicate that transmission 
season starts few weeks earlier in Serbia. All presented 
results confirm that harmonized WNV surveillance 
program on the interstate level within the "One health" 
concept and intensive multidisciplinary collaboration 
is the most efficient mode to control this important 
(re-)emerging viral zoonosis.
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 WNV Infections in Mosquitoes
 The first studies on the presence of WNV in mos-
quitoes in Serbia date back to the period 2005-2010. 
A total of 56,757 mosquitoes originating from 66 lo-
calities in 29 settlements in Vojvodina Province were 
examined. The presence of WNV genome was detect-
ed only in 3/841 tested pools. In 2010, WNV positive 
pools were found in the city of Novi Sad, and the se-
quenced isolate was typed as WNV lineage 2[33]. These 
studies were continued during 2012 and 2013, when 
a significant increase in the prevalence of WNV in 
mosquitoes was established. Even more than 9% of the 
mosquito pools examined during 2012-2013, mainly 
of the species Culex pipiens (both biotypes molestus 
and pipiens), tested positive for WNV RNA (unpub-
lished data). During the national surveillance program 
conducted in 2014, the earliest WNV positive mosqui-
to pools were detected in the middle of July. In total, 
WNV was detected in 2.31% of tested mosquito pool 
samples collected throughout the country. The highest 
WNV prevalence in mosquitoes was detected during 
September (9.68%). WNV positive mosquitoes were 
detected in 8/25 (32%) districts of Serbia. All districts 
where WNV positive mosquito pools were detected, 
except Raška District, are in Vojvodina Province[47]. 
Such result can be attributed to the fact that this re-
gion has previously been confirmed as the region with 
intensive WNV circulation in the past years[34,44,46,49]. 
During the national surveillance program conducted 
in 2015, WNV was detected in 2.09% of tested mos-
quito pooled samples. The highest prevalence of WNV 
in mosquitoes was found during August (4.92% posi-
tive samples). WNV positive mosquitoes were detect-
ed in only 6/25 (24%) districts of Serbia, and all are 
in Vojvodina Province[47]. From 2010 to 2015, WNV 
was detected in mosquitoes sampled at 43 different 
trap stations across Vojvodina Province. At 14 stations 
(32.56%), WNV was detected in two different (consecu-
tive or alternate) years, at two stations in three different 
years, and in one station during five different years[50]. 
WNV presence in mosquitoes detected during the 
surveillance program during 2017 was quite similar 
to the results from years 2014 and 2015. Opposite to 
this, WNV was detected in more than 20% of mosqui-
to pools tested from June to August 2018 indicating 
more intense virus circulation (unpublished data).
Conclusions
 Many published studies confirmed active circula-
tion and endemic presence of WNV in both Croatia 
and Serbia. Emergence and molecular epidemiology 
of WNV infections in humans, horses, poultry, wild 
birds and mosquitoes ("One health" concept) are pre-
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"Optimization of diagnosis and surveillance of emerg-
ing and re-emerging viral vector-borne zoonosis" (to 
LjB and TP). National WNV monitoring program in 
Serbia was funded by Veterinary Directorate of Serbi-
an Ministry of Agriculture, Forestry and Water man-
agement and the Croatian and Serbian Ministry of Sci-
ence and Education.
and re-emerging neuro-invasive arboviral infections 
in Croatia; CRONEUROARBO (to TVC); by the pro-
ject No. TR31084 funded by the Serbian Ministry of 
Education, Science and Technological Development; 
and by bilateral project funded by Croatian Ministry 
of Science and Education and Serbian Ministry of 
Education, Science and Technological Development: 
Table 1. Surveillance of West Nile infections in the “One Health” concept, 2010-2018
2010 2011 2012 2013 2014 2015 2016 2017 2018
CROATIA
Human infections 5 5* 5 5 5 5* 5*
Infections in horses 5 5 5 5 5 5 5
Infections in poultry 5 5 5 5 5 5 5
Infections in wild birds 5*
Positive mosquito pools
SERBIA
Human infections 5 5* 5 5 5 5 5*
Infections in horses 5 5 5 5 5 5 NT 5 5
Infections in poultry 5 5
Infections in wild birds 5* 5* 5* 5* NT 5* 5*
Positive mosquito pools 5* 5* 5* 5* 5* 5* 5* 5*
5 Acute WNV infections     WNV IgG seropositivity    * Sequenced WNV strains    NT = Not tested
Table 2. Molecular epidemiology of West Nile virus infections, 2010-2018
2010 2011 2012 2013 2014 2015 2016 2017 2018
CROATIA
Human infections Lineage 2 Lineage 2 Lineage 2
Infections in horses
Infections in poultry
Infections in wild birds Lineage 2
Positive mosquito pools
SERBIA
Human infections Lineage 2 Lineage 2 Lineage 2 Lineage 2
Infections in horses NT
Infections in poultry
Infections in wild birds Lineage 2 Lineage 2 Lineage 2 NT Lineage 2 Lineage 2
Positive mosquito pools Lineage 2 Lineage 2 Lineage 2 Lineage 2 Lineage 2 Lineage 2 Lineage 2 Lineage 2
 Acute WNV infections/WNV RNA detection
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